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'RELATIVE EFFICIENCIES OF DUST SAMPLING DEVICES
AS APPLIED TO THE COLLECTION OF T-DUSTS

ABSTRACT

As. a result of tests of 8 types of sampling apvaratus as

well as 9 filter papers in collecting I-dusts (median

particle-size: _approximately 0.64, concentration: 20 mg

per cubic meter), the Filter Paper Dust Sampler with a .
suiteble filter paper proved most efficient. This conclusion

was hased upon _

a) - the greater efficiency of the Filter Paper Dust
Sampler as compzred with that of- the glass
electrostatic precipitsator, the Midget or Greemburg-
Smith Impinger; '

B) the eas of sampling;

¢) the accuracy and ease of weighing;

d) the ease of analysis;

e)  the uniformity of results; -

f). the inexpensiveness of construc&ion and operction.

H-45 paper was superior to all filter papers tested. The
ugefulness of this paper was limited, however, by the .
difficulty encountered in analysis, so that in. practice
Whatman Paper, #41 employed in the Brass Filter Paper Dust

Sampler was. the device of choice when chemical zs well as
gravimetric analyses of T-dust are desired.

‘ s 5 O i
, Signed - _é;;uéby ?“'_

_2 November 1944
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Pharmacology Report #7 T ————————

RELATIVE EFFICIENCIES OF DUST SiMPLING DEVICES
AS APPLIED TC THE COLLECTION OF T<DUSTS

Although the efficiency of a number of dust sampling
devices 1§ generally Jmown, their effectiveness in collect-
ing T-dusts of known concentration and particle-size .has

. not been investigated. The purpose of this study was to
determine the relative efficiency of some commercially
used dust-samplers and that of. certain less well-known
devices, as well as some of the new filtering media in
collecting T-dusts. The sampling apperatus and media were
tested on three T-dusts: Wii-Grade" T-ore (Section I},
TF,, (Section IIA) and TO,Fy (Section IIB).

Materials and Methods

The 8 types of sampling epparatus and 9 filter papers
tested are listed below:

Sampling Apparatus

‘l. Brass Filter Paper Dust Sampler

2. Filter Paper Mask Sampler

3. Wooden Filter Paper Dust Szmpler )

4. Glass Electrostatic Precipitator "Standard®
5. Glass Electrostatic Precipitator, Long Model
6. HNeilson Filter Paper Dust Sampler

7. Greenburg Impinger :

8. llidget Impinger

Filter Papers

1. Vhatman #41 6. H-/2
2. Vhatman #42 7. H=45
3. Whatman #50 8. H-49

. " Le Balston #50 9. H-51
5. OR-1661-A

1. Brass Filter Paper Du§¥ Sampler (FPDS) was modeled after
that used by Fairhall®) and consisted of 2 machine-faced
" metal surfaces between which a weighed circular piece of
£ilter paper was held by screwing the parts together. The
whole was inserted into the wall of the dust chamber and
attached to a suction airline with controlled flow. Figure 1l
shows the scale drawing of the FPDS.

l)Public Health Bulletin #253.
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":Appliances Company, Pittsburgh, Pennsylvanla.

Filuer Pa

" The ﬁstardavd" Flectrostatic Precipltator (Ep) was &
" model made according to the description in the U.S,

" Section I..

"' wepe extended to 1l inches in length (instead of the
_conventional 8 length). .

" was plzced & Balston #50 filter paper.

. other paperswere obtained commercizlly.

AN samp1es by the chemical method only.’
";.modigicatlgg of nhe ferrocyanlde method of Benard and- Tessier 2)

"J'I)CourteSy of Respiratory Labor tory, Uhiversity of Chicago,

Dyger‘b page 4 o~ e e e 1o

Filtep Paper mask Sampler (FPMS) was simllar in design and
pririciple to. that,. Of the PPDS and was used in attochment with
a rlght—anvled Pyrex. glzss tube of 35 mm outside diameter.

At one end of the reSpirutor mask to be tested, at a

distance of 25 em- from the raso*rutor, the body of the FPMS
is placed. The suriaces of this device wer fastened in

-p051t10n wiuh four bolis to retain the Filter paper (Figure 2)1 '

Wooden Filter Paner Dust Sampler was similar to the FPMS,
save for its composition. Llhe scale drawing of this device -
1s shown in Figure 3. .

glass
Burean
of Mines Information Circular #7086. One of four of these
pr901pitators was selected for the tests .recorded in
“omparison of the four precipitators is given
in Section IIA. . : Y

; 'Elongated Wodel of the Zlectrostatlc Precigitator was.. .
“ jdentical with  the "Standerd® with the exception that the

inrer collecting tube, the wire electrode, and the grid,
.

;wThe Nellson Filter Paner Dust Samplerl) con51sted of a

E—lnch Buchner funnel, in the filtering surface of which
The device was
inserted in the wull of the dust chamber and the stem

‘attached to a- controlTed_suctlon line.

Greenburg-Saﬁth Imnlnger and Midget Tmpinger (I) are
standard devices -commerclally «vailable at the_Mlne Safety -

"The H—papers vere made of asbestos espec¢ially de51gned to

Tetain dusts of small particle-size and to offer low
resistance to high rates. of asir-flow. The OR-1661-A was
a. cellulosic paper not yet commercially aVailable. The .

The filter paper and;electrostatlc precipitator samples
were analyzed grévimetrically and chemically, the impinger
T was analyzedt by a

Chicago, Illino;s. _
.?eport’#z, Rochéster Area, Pharmacology Div151on,zﬂ .
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Procedure

The sampling devices and filtering media were tested
through apertures in the sides of a 4-foot cubic chamber
(see Figure 4) the atmosphere of which contained chemically
~analyzed concentrations of T-dusts of 2 and 20 mg per cuhic
meter and median particle-size 0.564. The dust was fed
into the chamber through the roof by an adjustable speed
mechanical feeder onto -2 moving electric fan. The rate of
gigpgampling unless othermise-indicated was 32 liters per -
VU ' > .

As a besis for the determination of comparative efficiencies
of samplers and papers Whitmen. 741 wrb ‘selecied as the
reference standard. Previous work had indicated the high
efficiency of this paper. <the effect of the location of the
sampling device was then established using this paper

* (Table I). The Ep and FPMS were not corrected because,
variations in pepeated tests far exceeded those due to

- positional effects and because the FPMS was uniformly used

in position Xg. Position 01 (Figure L) was selected as the
reference sité. Whatman Filter Paper #41 used in the wooden
FPDS was always used at this site. The 7 types of filter
papers and 8 types of ap aratus were 'then testéd for relative
efficiencies in the retention of T-dusts by comparison with
Whatman #41 paper used in the FPDS (%able II). Tests were
carried out in atmospheres containing approximztely 20 mg
Ber cubic meter in the majority of the sampling perlods.
oncentrations of 2 mg per cubic meter were also used for
comparison. ' :

Results

The results are divided into three parts, Sections I, IIA,
and IIB, because the differences in the properties of the
T-dusts used in the tests and the different groups of
sampling apparatus required separate treatment.

P LAt i SRR ACH IS S S AR T T Rl
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Section I

COMPARATIVE EFFICIENCY OF 6 DUST SAMPLERS 4AND
" 8 FILTER PAPERS IN "HI-GRADE" T-ORE DUSTS

Of 6. dust-collecting devices and 8 types of filters tested

in 29 sampling periods in which various combinatlions of these
media were used,’ H-45 paper used in the brass FPDS proved to.
be the most efficient method of dust-collection. S

The FPUS closely apnroximated the efficiency of the\prass

FPDS when Whatman #41 paper was used in each. In separate

tests, comparative efficiency values for tlie FPMS were 104

and 99.5% as against 115 and 101%, respectively, for the ..
FPDS' (Table II, Sections D and E). - S

" The olongated model of Ep exhibited a varying efficiency

depending upon the dust concentrations. At dust concentra-

- tions of 2 mg per cubic meter, the elongated precipitator had
an effieiency of 100% which was somewhat higher than the :

-efficiency of the "Standard®.. No difference in efficiency-

" . of dust collection was noted in the two models, hqwever, at

© . to.Whatman #41 (Tzble II, Section H).-

' 20 mg per cubic meter of T-dust (Table II, Sections F and D). -

As shown in Table II, Sections I, J, K, L, the H-papers were
" superior to the other papers tested. 'iheir usefulness, 4
however, was limited owing to the difficulty of recovering .
" the dust. from the paper for analysis. Analytical procedure

" with these filters is more difficult than with cellulosic
papers e.g. Whatman and OR-1661-A. OR-1661-A was inferior

s, . N . . .
- The resisténce to airflow of the papers, with the exception
- of Whatman #42 and #50, was sufficiently low so that
"air—gampling'rates of 32 liters per minute could be used.

-

 Complete ‘data are given in Table II. For convenience the

relative efficiencies of the dust-sampling devices and

gi%ter’papers tested for collection of T-ore are summarized
'e OIYV:'-‘ ¥ . . o R E - .

~ .
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ax';‘ Dcst Samgllng Devices‘

-Relative Per-

Cent Efficiency
T AN e

Brass.Filter Paper Dusﬁ Sampler 7 . 115l
Filter Paper Mask Samplér: 41
Wooden Filter Paper Dust Sampler 100l
Nielson: Filter, Paper. Dust Sampler- . 90
"+ Flongated Blectrostutic Precipitator ~ 922
, "Standard" Electrostatic Precipitator 78

_ 11
H-51 R 111
“H= P 108
Whatman #41 - * 100°
i : Whatian . #42. - 98
SRE OR-1661-Ac 80 - )
oo 55
| L .f o f ’
e COMPAR&TIEEVEEFICIENCY oF MIDGET IMPINGER,

"'4*' ELECTROSTATIC JPRECIPITATOR,” AND FILTER PAPER

-

" 1.
:
.

. DUST SAMPLER IN SAMPLING TF4 DUST .

The results,of sampling an atmosphere containlng dust _
by means of ‘the Midget 1mp1nger using water as the éollecting
"medium and: by ‘meins, of’ the” Filter Paper Dust Sampler are

- shown"in Table III' In‘all tests, the amounts of %
collected -b¥r- the,FPDS'Were greater. than those collec ed by .
- the’ Jidgethmpinger. Horeover- wider variations were-
‘" obgerved in: thelamount““collected in repeated trials by
the Midéet Impinger than,in)those collected by the FPDS.

rative. tests of efflciency (made in triplicate)
of the. electrostatlc precipltator end FPDS in collecting -
- TF, dust areu’hown in%Table IV. Four glass electrostatic
precipitators'whic i}
cal but with: voltage;adjusted to suit each instrument, were
compared to; deter ~the varlation of EuCh instrument.

5

1’ﬁﬁ%ﬁméh #4 £31° /tpaperﬂqacrggec)as the collecting medium.;
‘this device was dependent on the dust

+ Its relative eéfficiency was 100 at
f83iat_20-mg pér cubic meter. The

ﬂzfmg per; cubic
;figure;abov
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rostatic pracipitators and the filter paper
. {(Referred to in Tsble IIL.)

dust samplers are used in taking

pogiticas &% wkhileh S ol
Y = chambsr air concentrations. (Rvi‘erred

i
for determinin
able 412.)

e:,s‘b-

o im %

. ——— v

ey e e e ) T T A T T T T R T et

:ﬂt



TABLE I

WZICHTING OF SAMPLIKG FOSITION 1N CHAMBER RELATIVE
70 AMOUNT OF DUST RETENTION

Whatnan Faper $41

Sampling Position
Period ol o2 e3

Miliigrams of Dust Rsteined
as T per Cubic Meter

I 1.8 16.7 15.8
11 6.2 7.4 7-5
112 8.6 10.b 9.8 -

Per Gent Retention

I 100 113 107
i 100 119 121
111 100 2 114
Average 100 117 Iin

Pactor 1.00 0.85355 0.877

Welghted for Pesition

e
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RELATIVE BFFICIENGY OF DUST SAFPLING APPARATUS AND OF FILTER

BavEe GO

&
Sempling
Period

=)
g <

e
13 e

)

~ Sampling
Paricd

viii
IX
X

B e as ot » 30N W= VP 1 A B ReParantsf ar-vie st SR

Py

IPARED TO WHATMAN $l) PAPER

Heference Pesth

Position
cl 02 03

Whatman Y1 Vhatmen 42 F.P.D.S.

Milligrams of Dust Retained
ag T per Cublz Heter

3.3n1 905. 905
Yo 3.3 9-3
3:.3 ) 5»“‘ l"og

25.9 29.3 2L, 4

Avorage Per ceni Retention,
Yeighted for Position (Table I)

100 101 g4 L.
Gombined Average S7-5
Referoneo Toa%
Position
ol 02

Wiatmen 41 Yhatman 50

Milligzrama of Dust Retained
ag T per Cubic Meler

4.9 3.3
5.0 3.3
6.0 3.8

;vera‘ge Per Cent Retention,
Hoighted for Position

wo 55
Average 55
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74BIB 11 {Cont'd)

& ' Reference Teat
Sempling Poslition
Periocd , ol R2

¥hatman 41  Vhatwman 41, F.P.H.S

Milligrams of Dust Retained

as T per Cubic Meter . .
viiZ 4.9 5.6
IX . 5.0 5.9
X - 6.0 6.8
Average Per Cent Retention
100 115
bverage 115
32 .
Sanmpling Reference Peat
Pariod . Position
el - 62 03 z2
hetmen ¥1 Nieison Vhatmen Y2 F.P.M.S.
B P.D.S, Brags
?.P.1.5,
Miiligrams of Dust Retalned
a5 T per Cubic Meter
REVE 17.5 18.1 20.2 7.4

&verege Per Cent Retention,
Weighbed fozr Position

100 g2 101 99.5%)

A

1) Indicates values not welghted.™

i o e ——




2] Reforence Tegt
~  Sampiiag Position
Period " ol 02 o3 =2
Wasiman 81 Nielson Whasman 81 F.P.M.S.
?.2.D0.8, Berass
- F,P,.D.S.

#illigvams of Dust Rebained:
as T per Cubic Meier
{Tmes econcentration in chsmber of 2 mg
per cubic meter)

XHILT 1.8 1.9 2.2 1.9
XTIV 5 1.6 2.3 1.6
v 1.8 2.0 2.2 1.8
A‘-rez;ag';e Per Cent Retenbion,
Yeighted for Position
100 90 115 1041)
Cj Roference Test
7 Sompling Position
Period - ol . p:d A <3
Vhajman 41 Ip, Standard Ep, Long
[}
Milligrans of Dust Retalned
as T per Cubic Meter
i 1h.8 1l.4 6.5
11 6.2 5ot 199
111 8.6 8.0 6.2
1y 13.1 11.2 10.4
“J 908 706 808
"I"F. 3.3 309 2‘7
AXVIIT 24,8 il.0 . 13.8
XLIZ 19,3 17.0 16.5 .
Viil 4,0 3.6 3.7
X 5.0 bk 5.2
X 5.0 5.5 6.5
XXvi 17.5 13.1 15,1
Average Per Cent Retention
100 83 83

. ey Indicates vslues not weighted. ..

AR~ 2 o 08 e o MOt AR 4 aac Yo che A e Sl D LTRSS
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Sampling
Feriod

XX11
IRV
p¥ia

2
Sampling
Poricd

z2
RI1
X111

o=

Sampling
Pericd

I3V

Xv1

e re————

e s AP I o oo
. .

S ————————

PABLE II (Cont®d) .

Reference Test

Fosltion ‘
ol =1 =3 z2

Wheimen 41 Bp, Stendard Ep, Iong F.P.M.S.

Milligrams of Dust Retained
-ag T per Cubic Meter

W
(Dust concentrasion in chamber alr 2 mg per

cublic meter)

1.8 1.6 1.8 1.9
1.5 1.0 1.6 1.6
1.8 1.4 1.7 1.8

aAverage Per Cent Retention

10C . 78 100 104
Reference ) Test
Position .
ol o2 63
Yhatman U3 OR-1661=A OR-1661-A

Milligrems of Dust Retained
as T por Cubic Mseler

1.7 7.8 . -
6;1 " 50 692
609 606 607

Average Per Cent Retention
as T per CGobic Heter
100 73 87
Combined Average 80
Roference ) Tast
Position
ol o2 o3
Whatman U1 . Hal2 Hli2
‘Milligrams of Dust Retained
as T per Cubic Meter
8.0 10.2 1.4
10.8 4.4 13.2
15.2 19.6 19.6

Av. Por Cent Retention as T per Cubic Meter
weighted for position
100 111 117
Combined Averago 11
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Z

i

fee

Sampling
Pariod

PAEN
XYiii

Sampling
Pariod

Sampling

Period

2

&

.
t=3
t-1

eaBn 11 {Comt'd)

Reference Tegh -
Pgsition
ol o2 03
vhatman UL H.U5 H-U5

Milligrane of Dust Retalined
as T per Cuobic Meser

5.2 6.9 7.8
k.5 . 6.0 6.3

fzsrage Per Cend Retention
ss T per Cubic Meber
YWeighted for Position
100 116 129

. Combinsd Average 123

- e we e s s e ws ==

Heoferencod Tea’
Poslsion .
ol - a2 03
Wnatman 43 HE-49 =19

Miiligrame of Dusi Retained
ag T per Cubic Meber

i7.8 22.2 22.2

Per Oons Retention as T perl Gubic Meter
Veighted for Position

150 107 110
Combinsd Average 108
Heference Test
. Position
ol o2 03
Yhaiman 41 B-G1 B-51

Milligrams of Dust Retained

13.5

‘ag T per Cublc Meter
. 1
22.5 © 29,0 28.0

16.0 18,

Asverage Per Cent Retention as T per Cublce Meter

- Weighted for'Position
100 108 114

Combined Average i1l
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Preoxt, Fege 35 e

pARLE II1 (Comn%td)

M - Reference Test
Sampling Position
Period .ol 02 03
Vhatmen U1 H.17 E-18

Milligrams of Dust Retaired
as T0p per Cubic Heter

1 5.67 4.9 5.60
2 5.6 3% hie
3 3.27 - 2.79

- Average f’er Cent Retention
Weighted for Position

100 (3 77

A A N ————
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TABLE 111

_COMPARISON OF FILTER PAPER DUST SAMPIER (F.P.D.S.)
AWD HIDGET IMPINGER IN SAMPLING OF CHAMBIR AIR
- CONTAINING TFy

.

Medion Partlcle-Size M, & 0.84C% 2.50%)

F.F.1.5. MIDGRT 1MPINGER
Volume of Air Amount TFY Volume of Air Amount
Sampled Collected Sampled Collectsd
eam mgfce m cum mgfcu m
0.200 §3%.0 '0.020 37.1 ,
0.200 78.0 0.020 70.8° .
0.200- 36.6 0.020 29.6
0.1%0 . 5.6 0.01Y4 43,5
0.1%0 53.0 0.01% 31.5

‘

l)Mg reprosents the mwedian of the particle-size distribution, which 1is
approximately the geometric moan., For dusts, the M, value is expressed-
in micra, M. 3I%t is obtained dy reading off the 50 per cent size from
a logarithmic-probability graph constructed from the size-frequency
'of the particles, e.g. M, o 0.6M stdtes that the medlan diameter of |
the particles ssmpled is 0.64. 50 per cent of the samples are eaual
0 or less than this valune. |

dg is 2 measure of the dlspersion of particle diameters from the
geometric mean. It is computed from ths logarithmic-probability
graph according to 8l.13 per cent size '

= (g . The larger the value

. 50.00 per cent size
the greater the spread of particle-size. For a more extensive discussion,
see Hateh & Choate, J. Franklin Imst., 207, 369, 1929. °
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o TABLE IV
COMPARISONS OF EFFICIENGIES OF FILTER PAPER DUST SAMPLER (F.P.D.S.)

ATD I GLASS RLECTROSTATIC FRECIPITATORS (Ep) IN CHAMBER AIR CONTAINING
TF, .
4

Medizn Particle-Size Mg = 0.8« Jg = 2.5

Yype of Sampling Volume of Alr Total Sample vWeigat of Efficiencles as

Apparatus Sampled Collected Sample Compared with
: : (chem. anal.) (chem, ansi.) F.P.D.S.
] _cunm ng mg/cu m per cent
F.P.D.S. . 0.4y 7.48 17.0 100.0
ip 1 0.32 4,29 : 13.4 78.0
. Ep 42 - 0.32 3.23 - 10.3 . 60.5
Ep #u . 0.32 57T . .3 g4.0
T.P.D.S. o.41 "3,00 7.3 100.0
Ep 1. 0.32 1.33 h,2 57.0
Ep #2 0.32 1.52. 4.8 : 65.3
Zp 4 \ 0,32 1.63 5.1 69.6
7.P.D.S. 089 3,54 7.2 100.0
Bp 41 . - 0.32 1.94% 6.1 gh.3
Ep %2 "0.32. 1.67 5.2 ' 72.5 -
Bp 4 0.32 1.9 By 6.8
F.P.D.S. 2.00 . 12.10 6.1 100.0
Tp #3 1,28 : 5.11 4.0 66.7
F.P.D.5.  1.62 4.60 2.9 100.0
Bp 43 0.96 1.98 - 2.1 71.0
P.P.D.S. R 3,23 2.8 100.0 -
2.1 75.0

Ep #3 - 0.83 .70

. B Average Sfficiency
- ' .+ (3 determinations)
' S . . Order Per Cent

) . ‘: . . F;?.D.sg : 1 100.0
o s Ep 2 - 73.1
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TABLE V . :

COMPARISON OF GLASS ELECTROSTATIC PRECIPITATOR
(Ep) AND THE GREENBURG-SMITH IMPINGER (I) IN
SAMPLING CHAMBER AIR CONTAINING TO.F,

N

Median Particle-Size, Mg 0.640E = 2.2

" Yype of Dust- Welight of
Sampling Alir Sample Weight of
Apparatus __Yolume (Chem. Ansl.) Sample
: cunm ng mgfcu m '

Bp #1 0.32 1.98 6.20 Coe
Ep #3 . 0.32 2.08 " 6.50
I 0029 2009 7.20 '
Tp $#1 0.32 1.60 L.y )
Ep#3 . 0.32 1.00 3.13
1 0.29 - 2.09 7.20

Ep #1 0.32 3 9.38
Ep'#3 . 0.32 2.70 . 8.55
) 0.29 3 12.10




e

Each glass preelplt :tor - was less efficient than the. FPDS
nsing Whatnan: #41_ﬁaper as' the filtering medium. The

' - .- average efficiency of the glass electrostatic precipitators

.. - . operating abepproxinately::20,000 50lts was 70 4% compared

R ) the efficienc'” fithe;EPDS a3 100. )

LT COJPARATIVE EEFICIENCIES}OF THE‘GREENBURG-SMITH IMPINGER
e 1 rHE ELECTROSTATIC PRECIPITATOB

) yarat
: " static’ precinitators:bndaa“large Greenburg-Smith Impinger,
_+ . - using water as.the“collecttng medium, showed that the -
e efficiency of the’ impinger, was equal to or greater than that

. . ofthe E _in)ébllecting“TOng, an extremely soluble T-dust
o .i.iTable v§~ o

¢

-~

I per. pler, used With g suitable filter -
Yo ,“SK paper, is the devic” “choice for sampling T-dusts in - o
ot atmospheres.flihls concIus1on is based on: (l) the greater

< efficlency of: thé: ?PDSj ompared ‘to. the glass_electrostatic

o precipltator (Table: Ivg,{ or.the Midget or Gréemburg-Smith .

ERRTEEE »_gi Impinger (Table IIT;.V)3:(2). the ,ease of sampling; . . - :
oo g -az(3 “ agcuracy and” easeiln weighlng, (4) ease znd speed of

o B _analysiss- (5) unifo T -of results, (6) inexpensiveness of
v igd ; construction‘and

,,,,,

H-45 paper'used with the; TPDS showed the greatest efficiency .
. of. alll apers_tested.a.The;usefulness of this paper was’

"¢ . limited by “the difficulty encountered in analysis of the
o ';{' absorbed’ dust. so+ tHat;: gractlcally, Whatman paber:#41,

7o

L ‘"?{ employing the. brass- FP

proved superior when chemical as
well as gravimetric analyses of T—dust are desired. o
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